In this research, locust bean gums were removed from seeds with different extraction methods and some physicochemical properties were analyzed for gums and also locust beans. Three different extractions were treated at different temperatures and durations of sulfuric acid (H 2 SO 4 , 60%) solution, hydrochloric acid (HCl, 30%) solution and boiling water. Following dehulling and drying processes, seeds were milled and locust bean gums (LBG) were obtained eventually. The color values, moisture, protein, ash, sugar, pH, total acidity, soluble solids content, foreign particulates, acid insoluble ash contents and viscosity curves were compared for all samples. The results exhibited that the highest ash (1.94%) and protein (6.65%) contents were determined by water extraction gum, the highest acid-insoluble ash (3.58%) and foreign particulates (44.17%) contents were determined by HCl extraction gum. The lowest protein (5.01%), acid insoluble ash (1.29%), the foreign particulates (34.99%) and the highest viscosity value (533.9 mPas) were found from H2SO4 extraction gum. The results of investigation also showed that the H 2 SO 4 extraction method was found to be more appropriate than HCl and water extraction methods to obtain a good quality gum.
Introduction
The locust bean gum (LBG) has obtained by crushing the endosperm of seeds from fruit pod of the carob tree (Cerationia siliqua L.) grown in Mediterranean regions [1] . The locust bean gum plays an important role in the rheological properties of food products if it can be obtained in pre form [2] . LBG is an effective way to use as a stabilizer, thickener, gelling agent and fat replacer for different food products due to its natural image, the neutral taste and the viscosity and also it provides which is a white or creamish white, odorless powder [3] . Furthermore, LBG has a positive impact on the protein stability, crystal structure of ice cream and it has reducing effect for syneresis in fruit and dairy applications [4] [5] .
The seed has three main constituents: husk (30% -33%), endosperm (42% -46%) and germ (23% -25%) and also they are covered with a tight-fitting brown coat [6] . LBG is obtained from endosperm and so the first stage of the gum extraction involves removal of the seed hull. For the gum extraction, these coats can be removed by the different thermo-mechanical or chemical treatments. The seeds are split lengthwise and the endosperm is separated from the germ [7] . After the isolation process, endosperms are grounded and sifted for obtain to the locust bean gum (LBG) or carob gum [5] [7] [8] . Different acids, alcohols and water can be used for extraction process and each one has different challenges and advantages for gum quality and economical value. It is the most important point for the process must avoid changes on the chemical and physical properties [7] [9] .
A high purity LBG generally contains moisture 10% -13%, protein 5%, ash 1%, fiber 1% and galactomannan 80% -85% [1] . LBG has high-molecular-weight and describes chemically as galactomannan, depending on the chemical structures consisting of β-(1-4)-D-mannopyranosyl backbone and α-(1-6)-D-galactopyranosyl simple units are linked as a side chain [10] [11] . LBG typically has a mannose to galactose (M/G) approximately ratio of about 4 which among to the major commercially available galactomannans, furthermore carob galoctomannan has the lowest galactose content with about 20% [12] . The different galactomannans can be distinguished by their mannose-to-galactose ratio and their molecular weight [7] [12] . The molecular size and the structural properties affect to the solubility and also check to the rheological properties [13] .
The aim of this study was to extract locust bean gum with three different methods from the carob seeds and to compare these extracts.
Experimental

Reagent and Materials
Locust bean is a species of flowering evergreen shrub or tree in the pea family, Fabaceae. It is widely cultivated for its edible pods, and as an ornamental tree in gardens. Locust bean fruits were used to obtain LBGs in this research belongs to Isparta region and they were purchased from a company selling dried nuts and fruits. This carob fruits were cut with scissors for obtain to the carob seeds. The physical properties were measured and the length and thickness were determined ranging between 6.0 and 10.8 mm and 2.0 and 4.9 mm, respectively.
Three different methods preferred to extraction of the carob seeds, with acid and water. All reagents used for liquid chromatography were of HPLC grade and obtained from Merck (Darmstad, Germany). All other reagents were of analytical grade and obtained from Merck (Darmstad, Germany).
Extraction Methods
Sulfuric acid extraction (LBG1): Whole carob seeds (100 g) were kept in 120 ml of 60%, H 2 SO 4 (Merck, K38346531) solution at 65˚C for 2 h. Seeds were deported from the solution, the coat was removed by washing and rubbing operation in water and on the metallic sieve. The uncoated seeds were dried at 100˚C for 30 min and crushed (10 seeds dehusked/3s) with a laboratory mill to separate the two endosperms and the germ. The endosperms were grinded (IKA A11 basic, Germany) and sifted (0.125 mm) to obtain LBG flour [7] . The sulfuric acid extraction procedure was shown in Figure 1 .
Hydrochloric acid extraction (LBG2): Whole carob seeds (100 g) were kept in 400 ml of 30%, HCl (Merck, K36508317) solution at 75˚C for 1 h. Seeds were removed from the solution, the coat was removed by washing and rubbing operation in water and on the metallic sieve. The uncoated seeds were kept in 700 ml water for 24 h at ambient temperature. At the end of this time, water was filtered and endosperms were separated manually from the germ. The endosperms were dried at 30˚C for 24 h and were grinded (IKA A11 basic, Germany) and sifted (0.125 mm) to obtain LBG flour [14] . The hydrochloric acid extraction procedure was shown in Figure 2 . Water extraction (LBG3): Whole carob seeds (100 g) were kept in 800 ml of boiling water at 100˚C for 1 h. Seeds were removed from the water, washed and the tegument broken and divided by hand into the coat, endosperm and germ. Then the germ was separated from the endosperms which were dried at 100˚C for 1 h. The endosperms were grinded (IKA A11 basic, Germany) and sifted (0.125 mm) to obtain LBG flour [15] . The water extraction procedure was shown in Figure 3. 
Physicochemical Analysis
Physical Analysis
The color values were measured on LBG samples. L, a, b color values of the samples were measured using a colorimeter (Konica Minolta CR 400, Japan). The L value represents the lightness, a value indicates red and green colors and b value indicates yellow and blue colors. Chroma (C) representing the color intensity and h˚ for the hue angle were calculated by the using a and b values the following equations [16] .
Chemical Analysis
The moisture content of the carob gums was determined after drying the samples in an oven at 105˚C until constant weight (Mettler Toledo, AB204, Sweden). The ash content of the carob gums (4 g) were determined by burning the samples at 550˚C for 12h (Nüve MF, 106). The protein contents of the gums were estimated using the Kjeldahl assay and were converted to protein content using the conversion factor 6.25 [17] . The total sugar contents of the seeds and gums were determined as a spectroscopically. Samples (0.1 g) were kept in 100 ml of boiling water at 95˚C for 3 h. The solution containing the samples was filtered from the coarse filter paper and volume was completed to 100 ml. And then 1 ml sample solution was mixed with 2 ml anthron reagent (0.2 g anthron suspended in 100 ml 96%, H 2 SO 4 ) and heated for 15 min at 95˚C in a boiling water bath. After cooling and centrifuging, sugar content was determined at 540 nm (µg/g) (T70 + UV/VIS Spectrometer, PG Instruments Ltd., England) [18] .
Gum Solution Analysis
The pH value of the gums was measured with the pH meter (Hana, HI 221 pH Meter, USA Gum solutions (1%, w/v)) were prepared in distilled water at ambient temperature. The total acidity of the gums was determined by titrimetric method. Gum solutions (1%, w/v) were prepared in distilled water at ambient temperature and the titrant was 0.01 mol•L −1 NaOH solution. The soluble solids of the gums were determined with ABBE refractometer (Bellingham-Stanley, 60/70 Abbe Refractometer, England). Gum solutions (1%, w/v) were prepared in distilled water at ambient temperature.
The acid-insoluble ash of the gums was determined from previously obtained ashes. On the crucibles containing the ash, 10 ml of 10% HCl solution was added and heated for 15 min at 95˚C in a boiling water bath. Crucible content was filtered from ash-free filter paper and filter paper washed with hot water chloride ions until there is no in the permeate. The presence of chloride ions were checked with silver nitrate solution (17 g/L, Fluka, 85228). Filter papers were ignited for 30 min at 625˚C. After cooling and weighting in precision balance, acid-insoluble ash content was determined as % by weigh [19] .
The particulates were determined as percent value by dry weigh. Gum solutions (1%, w/v) were prepared in distilled water at ambient temperature and mixed with mixer at high speed for 2 min. They were heated at 70˚C in a boiling water bath for 1 h while being stirred at low speed. After cooling and centrifugation at 6000 g for 30 min, the supernatant was decanted. Samples were oven dried overnight at 105˚C [14] [20] . The viscosity was determined by the viscometer (Brookfield DV-II Pro Viscometer, England). Gum solutions (1%, w/v) were prepared by adding 600 ml 100 mM sodium phosphate buffer, pH 7.0, at 75˚C, using a high speed mixer for 2 min. The samples were left overnight at ambient temperature to hydrate. They were briefly stirred with a magnetic stirrer to ensure homogeneity prior to measurement [20] . Viscosity of samples was measured using the LV-4 bit at 100 rpm, at 25˚C, at intervals 30 seconds for 3 minutes [14] . Graph of time-viscosity was plotted with the viscosity values.
Statistical Analysis
The findings of the analysis, the SPSS 17 statistical software package using the 0.05 significance level according to Duncan-ANOVA multiple comparison test evaluated the border. During the analysis, descriptive statistics such as the average, maximum value, minimum value, standard deviation, standard error were determined. Differences between groups were identified at the 0.05 significance level.
Results and Discussions
Physical Analysis
In all extraction assays easily broke to the coat but there were differences for separating the germ and endosperm. So, the coat was easily broken and separated easily with blender for 3 seconds in sulfuric acid extraction. In all extraction assays easily broke to the coat but there were differences for separating the germ and endosperm. So, the coat was easily broken and separated easily with blender for 3 seconds in sulfuric acid extraction.
The color values of carob seeds and gums obtained from different extraction methods are also shown in Table 1 .
In determining the color of foods CIE-Lab system is used mostly. In this system L value represents brightness, a value represents green-red color and b value represents blue-yellow color [21] . In addition, this system L, a and b values of x and y axes are shown, using these values the color angle (hue) are calculated around the x and y axis 360˚ angle is expressed. The angle values are positioned 0˚ red, 90˚ yellow, 180˚ blue and 270˚ green [22] . As seen in the results, the L values were available statistically significant difference between LBG1 -LBG3 and LBG2 (p < 0.05). The L values of gums were lower than the seeds. The reason is that, colors of the gums were lighter than the seeds. According to the values of a and b, there were statistically significant difference between the findings of gum samples (p < 0.05). The a values of gums were lower than seeds for the same reason of L values. The b values of gums were higher than seeds; this result show that gums color is the light yellow. As for the hue and chroma values were available statistically significant difference between gum samples (p < 0.05) because of the differences a and b values.
Chemical Composition of the Gums
The chemical composition of the gums obtained from different extraction methods are shown in Table 2 . In general results are quite similar each other in the literature [1] [7] [23] . Among these studies, in the LBGs the lowest protein content (1%) was reported by Avallone et al. (1997) and the highest protein content (10.3% -17.1%) was reported by Kök (2007) [2] [23] . The ash and moisture results are similar with the given studies. Also, Dakia et al. (2008) reported to the sugar contents for two different LBG samples as 4.5% and 6.8% [7] .
The ash and protein contents were reduced while the purification of LBGs from seeds because of eliminated practically all fat and fibre [1] . High range of the ash content obtained in seed may be caused by the coat and the germ mineral substances. Moreover, high protein content obtained from LBG3 compared to other LBGs may be due to a contamination by carob germ which contains high protein amount. About 5% the protein content of the crude gum is based on the natural presence of structural proteins and enzymes, but also a possible contamination with seed germ [7] . As for high sugar content obtained in LBG1 may be due to a contamination by seed coat or during the acid extraction to come distortion and then a piece of sugar to be free. The free sugar amount increase the presence of minor amount of rhamnose, arabinose, xylose and glucose could be attributed to a more complex polysaccharide composition or contamination by the seed coat [7] . The extraction endosperm from the seeds allows impurities in the commercially sold gum and obviously this has a direct impact on sugar composition [2] .
Composition of the seed can change from growing conditions of carob fruit and tree, keeping conditions after the harvesting [1] . For this reason, there were some differences between studies due to using carob seeds from different regions.
Gum Solution Results
The some of gum solutions (1%, w/v) properties as particulates (P), soluble solids (Ss), total acidity (Ta), pH and acid-insoluble ash (Aia) of gums are also shown in Table 3 .
The acid-insoluble matter refers to the presence of acid-insoluble impurities in gums such as metals. This amount indicates impurity substances in gums so this property is unwanted. The crude and purified locust bean gum from seven areas of the north and center of Tunisia were analyzed for acid-insoluble matter by Bouzouita et al. (2007) [1] . The cured LBG from different regions had 5.38% -8.60% acid-insoluble matter. Our results were similar to those reported by Bouzouita et al. (2007) [1] .
The other important property of LBGs is contained low particulates. The particulates remained insoluble impurities after heating to 70˚C. The presence of particulate negatively affects the quality of the gum and its functional properties to viscosity and gelling. Kök (2007) analyzed for particulate of higher quality refined locust bean gum (rLBG) and lower quality crude locust bean gum (cLBG) samples [2] . The rLBG had 0% particulate and the cLBG had 7% -38% particulates. In our study, crude locust bean gums were derived so our results (34.99% -44.17%) were similar to those reported by Kök (2007) [2] . Another important property of LBGs is brix value indicates soluble solids in water. This value consists of sugars firstly such as glucose, fructose and sucrose, in addition to various organic acids such as citric acid, malic acid. In this study, soluble solids results were consistent with sugar content predictably.
The total acidity and pH value are important factors to be obtained. The pH value is an expression of hydrogen ion activity and the lower the pH value increases the acidity of the environment. The total acidity and pH value are statistically significant differences (p < 0.05) in LBG samples. In the literature, there is no evidence of the amount of total acidity, pH and soluble solids of gum solutions.
Viscosity
Viscosity of LBG solutions prepared by adding 600 ml and 100 mM sodium phosphate buffer, pH 7.0, at 75˚C are shown in Figure 4 .
Viscosity of LBG solutions were measured for 3 minutes 30 seconds intervals and the graphics are drawn at Figure 4 . As shown the graphic, viscosity values were statistically significant differences (p < 0.05) between the LBG samples.
Viscosity of LBG2 and LBG3 are significant differences at the first and the last moments, but the rapidity of increase in viscosity for these samples were similar. Viscosity of the LBG1 and the rapidity of viscosity increases were found to be higher than other gum solutions. The viscosity of LBG3 was found lower than the other samples. The reason is that, used boiling water during the extraction process of LBG3 had a negative effect on the viscosity [7] [14] . Viscosity of 1% solutions were measured with the Brookfield DV-II + Pro Viscometer at 25˚C and 100 rpm and found that between 0.296 to 2.482 Pas. At the other study, Dakia et al. (2008) compared the viscosity of two different LBGs applied water and acid extraction process [7] . They prepared 1% solutions at 10 s −1 and 300 s −1 shear rates at 25˚C and 80˚C and they measured viscosity of this LBG with the Rotovisco Haake RV20 Rotational Viscometer. At the same concentration, the water extraction gum solution had a lower viscosity than the acid extraction gum solution at low and high temperatures. At the same time, the viscosity of gums decreased when the shear rate increased. At the same shear rate the viscosity of gums increased with increasing temperature. These results show that viscosities of gum solutions due to temperature and shear rate. 
Conclusions
In this study, locust bean gums were produced from carob seeds with three different extraction methods. Some physical and chemical properties of these LBGs were analyzed and investigated the effect of extraction methods on the LBGs.
For these methods, H 2 SO 4 extraction fails in seed dehulling process. The reason for this, concentration and amount of the solution are thought to be insufficient. As for the HCl extraction, method is used successfully in the seed dehulling process. However; this method has a disadvantage about samples amounts which are used for high content. Water extraction method is the most successful method for seed dehulling process. At the same time, maximum range of gum is obtained in this method. But more effort and consuming time are needed for used human power.
For obtaining high quality locust bean gum, the ash, protein, acid insoluble ash, particulates values should be low and the viscosity should be high. When these properties are examined, water and HCl extraction gums have highly undesirable characteristics and H 2 SO 4 extraction gum is found within the limits of the appropriate. The most important quality criterion of gums is the viscosity. According to the viscosity results, the high viscosity value is obtained from the H 2 SO 4 extraction. For all these reasons, the results of investigation study showed that the H 2 SO 4 extraction method was found to be more appropriate than HCl and water extraction methods to obtain a good quality gum. 
